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（1）利用磁控溅射设备制备了低电阻率、高透过率的 ITO 薄膜作为 InGaN 材
料太阳能电池的 p 型电极。具体分析了基底温度、Ar 气压强、射频电源溅射功
率、直流偏压、 退火温度和退火时间对 ITO 薄膜性能的影响。最后得到了电阻
率为 2×10-4Ω* cm ，透过率最高可达 98.9% ITO 薄膜，可作为太阳能电池良好的
p 型接触层和电流扩展层。 
   (2)提出利用 Ni/Ag/Ni/Au 作为垂直结构 InGaN 太阳能电池的底部反射镜。利
用 AFM、SEM 等测试方法研究了 Ag 厚度和 Ni 厚度对反射镜反射率的影响，制




短路电流密度可以提高到 2.17 倍，光电转换效率可以提高到 2.16 倍。 
（4）利用胶键合技术，成功制作了垂直结构 InGaN/GaN 多量子阱太阳能电池。
光敏胶作为粘结剂不仅简化了工艺且对器件性能影响不大。利用抛光技术对激光
剥离后的样品进行抛光，有效地使样品表面 RMS 由 17.28 nm 降至 2 nm，使得
后续工艺顺利进行。测试发现与传统结构相比，垂直结构电池的短路电流由 0.55 
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As the third generation semiconductor material, GaN, AlN and InN have become 
a hot research field internationally. They have many advantages such as high 
absorption coefficient, high carrier mobility, high saturation velocity, and superior 
radiation resistance, which make them the good PV material. The InGaN alloy has 
tunable bandgap, which make it the ideal material for realizing full spectrum solar 
cells for high efficiency solar cells. Vertical structure technique for InGaN/GaN MQW 
solar cells allows to grow a bottom reflector to increase the light absorption and make 
the current smooth. That makes vertical structure solar cells cause a lot of attention.  
In the present work, the fabrication、characterization and simulation of vertical 
structure InGaN/GaN MQW solar cells were studied in details. The main contents are 
summarized as the follows: 
(1) The ITO film with low resistivity and high transmittance was fabricated as 
InGaN solar cells p-type electrode using Magnetron Sputtering. We analysis the effect 
of sample temperature、Ar pressure、sputtering power、DC voltage、annealing 
temperature and annealing time on ITO film resistivity. The  ITO film with 
resistivity 2×10-4Ω* cm and transmittance  98.9%  was obtained as p-type contact 
layer and current extension layer for solar cells. 
(2) A metallization scheme of Ni/Ag/Ni/Au has been developed for obtaining 
high reflectivity as vertical-type InGaN solar cells. We studied the effect of Ni 
thickness and Ag thickness on its reflectivity using AFM and SEM. We improved the 
reflectivity up to 94% (470nm).  
(3) We systematically studied the effect of RCE structure on the quantum 
efficiency of InGaN/GaN MQW solar cells. We also estimate the best parameters of 
the RCE structure, which include the thickness of layers, the reflectivity of top mirror 
and bottom mirror. The RCE InGaN/GaN MQW solar cells show an enhancement in 
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compared to that of a conventional InGaN/GaN MQW solar cell. 
(4) The vertical structure solar cells has been achieved by using wafer bonding. 
Photosensitive glue as binder makes the process simple and would not affect the 
device performance. We make process smoothly by using the polishing technology to 
make the RMS of sample decreased from 17.28 nm to 2 nm. The short circuit current 
density of the vertical structure solar cells improve from 0.55mA/cm2 to 0.74 
mA/cm2 and conversion efficiency improve from 0.64% to 0.92%, compared to that 
of a conventional InGaN/GaN MQW solar cell. We also improve the conversion 
efficiency to 1.165% by enhancing the absorbable spectral range.  
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当前，第三代太阳能电池转换效率的最高纪录为 44%（在 947 倍太阳光照
下），这是 2012 年美国 Solar Junction 创造的。他们制造的是多结聚光太阳能电
池。在非聚光条件下，双节和双节以上的太阳能电池光电转换效率分别是由美国



























1.1.2 InGaN 太阳能电池的研究意义 
III-V 族化合物材料有许多的优点，比如，它们具有较大的光吸收系数，大部
分都是直接带隙的能带材料，而且具有非常强的抗辐射能力和不受温度影响，因






















一直被认为为 1.89eV，导致这样的测量结果原因是基于溅射生长的 InN 的光吸
收实验。2002 年后，许多科研小组开始运用外延手段（MOCVD 和 MBE）生长
了质量较高的 InN 薄膜，测量发现比 1.89eV 更小的光吸收边和光荧光发光，大
概在 0.7eV 左右[10]。伴随 InN 的禁带宽度变更为 0.7eV，InGaN 太阳能电池对太
阳光谱吸收范围由 InN(0.7eV)的红外波段一直覆盖到 GaN(3.4eV)的紫外波段，这
样大大地提高了电池的光谱响应范围。通过改变 InGaN 合金的组分，就可以制
造完全匹配太阳光谱的电池，如图 1.2 所示。 
 




列优点。与 GaAs 电池相比，它无毒环保的优点尤为突出。实验表明，InGaN 材
料的抗辐射能力非常的强，被高能粒子轰击后，InGaN 材料的光学性质和电学特
性都没有发生显著变化。综上所示的这些优点足以证明它可作为良好的太空电
池。另外，由于 GaN 和 InN 都是直接带隙半导体，所以 InGaN 在所有的 In 组分
区间内都是直接带隙半导体，这个特性使得 InGaN 材料具有极高的吸收系数。
在 1997 年 Muth 等人[11]发现 InGaN 的吸收系数可达 105cm-1，这代表着 98%以上
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